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BACKGROUND OF THE INVENTION 

s FIELD OF THE INVENTION 

[$©(&13] The present invention relates to a thixocasting process, and particularly, to an improvement in a thixocasting 
process which Involves subjecting an aluminum alloy material to a heating treatment to prepare a senrti-moNen aluminum 
alloy material having a solid phase (which is a substantially solid phase and this will also be applied hereinafter) and 
" a liquid phase coexisting therein, pouring the semi-molten aluminum alloy material into a cavity in a casting moid under 
pressure, and then solidifying the semi-molten aluminum alloy material under pressure. 

DESCRIPTION OF THE RELATED ART 

15 [CM>2] There is a conventionally known thixocasting aluminum alloy material which has a hypo eutectic crystal com- 
position and a characteristic that a first angled endothermlc section appearing due to the melting of a eutectic crystal 
and a second angled endothermic section appearing due to the melting of a component having a melting point higher 
than a eutectic point in a differential calorimetric curve. In a thixocasting process using such material , if the temperature 
of a drop-end point in the first angled endothermlc section is represented by T 2 , and the temperature of a peak in the 

20 second angled endothermic section is represented by T 3 , the casting temperature of the semi-molten aluminum alloy 
material is set in a range of T 2 < T < T 3 . 

[«D3] The reason why the casting temperature T is set at a relative high level in this manner is for the purpose of 
decreasing the solid phase proportion in the semi-morten aluminum alloy materia! to improve the castabi lity of the latter. 
[OWG] In this case, the metallographic structure of the resulting aluminum alloy cast product comprises an a phase 
26 formed bythe solidification of the solid phase, and a matrix, i.e., a cc-p eutectic crystal phase formed by the solidification 
of the liquid phase. The aluminum alloy cast product has a mechanical characteristic depending upon the metallo- 
graphic structure thereof. 

PS] To further enhance the mechanical characteristic of the aluminum alloy cast product, It is contemplated to 
cause a p phase to be finely precipitated in the matrix. However, it is impossible to realize the fine precipitation of the 

30 P phase by the conventional process. 

PMD03] To achieve a further increase in strength and a reduction In weight of the aluminum alloy cast product, an AJ- 
Mg 2 Si based alloy material as an aluminum alloy malleable material may be used as a thixocasting aluminum alloy 
material. In this case, if the content of Mg in the AWMg 2 Si based alloy material, i.e., the ft/2g 2 Si content is too small, the 
liquid phase amount is insufficient due to the appearing of only a single angled endothermic section in the differential 

38 calorimetric curve. For this reason, a shrink cavity is liable to be produced around a spherical a-AI portion of the 
aluminum alloy cast product. On the other hand, if the A^Si content is too large, the following problem is encountered: 
a large amount of bulky brittle Mg^SI crystals exist in the aluminum alloy cast product, and the liquid phase content is 
Increased, so that the amount of hydrogen dissolved In the liquid phase is increased. For this reason, blow holes are 
liable to be produced in the aluminum alloy cast product, thereby causing a reduction In strength of the aluminum alloy 

*o cast product 

[TOUT] Further, a thixocasting aluminum alloy material Is also used which contains a relatively large amount of Sr 
added thereto. The reason why the Sr content is defined Is to reliably finely divide the metallographic structure of the 
matrix produced by the solidification of the liquid phase and to increase the electric resistance value of the aluminum 
alloy material to enhance the red-heated degree of the semi-molten aluminum alloy material by an induction heating. 

45 However, there is a problem that If the amount of Sr added and the shear rate of the semi-molten aluminum alloy 
material in the cavity are unsuitable, the toughness of the aluminum alloy cast product is largely lost. 
[MW1 Yet further, there is a conventionally known thixocasting aluminum alloy material having a characteristic that 
a first endothermic section appearing due to the melting of a eutectic component and a second endothermic section 
appearing due to the melting of a component having a melting point higher than a eutectic point exist in a differential 

so calorimetric curve. If the maximum value of the distance between a straight line interconnecting a melt-start point of 
the eutectic component and a melt-end point of the high-melting component and the first endothermic section is rep- 
resented by t, and the maximum value of the distance between such straight line and the second endothermic section 
is represented by u, the ratio u/t of the maximum value u to the maximum value t is in a range off u/t > 0.1. 
[mw\ However, the known semi-molten aluminum alloy material suffers from the following problem: the high-melting 

55 component is coQoidal and is in a softened state. In addition, since the ratio u/t is in the range of u/t>0.1, the amount 
of heat of the solidification of the high-melting component is large and henoe, the time until the solidification of such 
component is relatively long. Due to these fads, the high-melting component is agglomerated to cause a deterioration 
in the fluidity of the semi-molten aluminum alloy material and hence, casting defects such as cold shut are liable to be 
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produced in an aluminum alloy product. 

[0010] DE-Ar1 8518127 (to Honda) was published after tha priority date of the present Invention end discloses certain 
aluminum alloys. 

BWMH] EP-A-0572883 (to Honda) discloses a method fortlmo-casting an Al alloy having, In a differential calorimetric 
s curve, two angled endothermic sections fulfilling certain conditions. 

[0012] Two articles in GIESSEREI by F. KLEIN end H. KAUFMANW, of 2 May 1894 and 6 June 1884, respectively, 
disclose further aspects of duminum casting methods. 

PNDiq "Key to Aluminum Alloys" 4th Ed., 1 991 (111) and "Aluminum Alloys: Structure and Properties" 1 978 (530-5S7 
and 795) disclose certain aluminum alloys, for instance containing M&SI. 

10 

SUMMARY OF THE INVENTION 

[001<J] The invention is defined by the appended claims. 

[00 1 5] Accordingly, It is an object of the present invention to provide a thixocasting process of the above-described 
15 type, by which a fine precipitation of a [J phase can be realized using an aluminum eJloy material having a hypo eutectic 
crystal composition. 

[0010] To achieve the above object, according to the present invention, there is provided a thixocasting process 
further comprising the steps of: subjecting, to a heating treatment, an aluminum alloy material having a hypo eutectic 
crystal composition and a characteristic that a first angled endothermic section appearing due to the melting of a 

20 eutectic crystal and a second angled endothermic section appearing due to the melting of a component having a melting 
point higher than a eutectic point coexist in a differential calorimetric curve, thereby preparing a semi-molten aluminum 
alloy material having solid and liquid phases coexisting therein; pouring the semi-rrtotten aluminum alloy material into 
a cavity in a casting mold under pressure; and solidifying the semi-motten aluminum aOoy material under pressure, 
wherein when the temperature of a rise-start point in the first angled endothermic section is represented by T 1( and 

25 the temperature of a drop-end point of the first section is represented by T 2 , the casting temperature of the semi-molten 
aluminum alloy material is set in a range of T, £ T £ T 2 . 

[0017] if the casting temperature is set in such range, the liquid phase has a eutectic composition in such range of 
the temperature T, i.e., in the range of T, 5 T £ T 2 . In the solidifying step, the composition of the liquid phase is varied 
so as to waver toward an over-eutectic crystal side and a hypo eutectic crystal side across the eutectic point serving 
30 as a boundary. Therefore, a p phase is precipitated on the over-eutectic side and an a-p eutectic crystal is precipitated 
on the hypo eutectic side. In this case, the growth of the p phase is hindered by the a phase which is a solid phase 
and hence, the fine division of the p phase is achieved. 

[0018] If the casting temperature T is set as described above, the proportion of the solid phase in the semi-molten 
aluminum alloy material is increased, but the p phase exhibits an effect of inhibiting the mutual agglomeration of the 
36 solid phases and hence, the semi-rrtotten aluminum alloy material has a good fluidity. 

(jDOiq Thus, it is possible to produce an aluminum alloy cast product which is tree from casting defects and has a 
hypo eutectic crystal composition and a mechanical characteristic enhanced more than that of the conventional alu- 
minum alloy cast product. 

PNBQ However, If the casting temperature T is lower than T, (T < T n ), the liquid phase cannot exist in an aluminum 
40 alloy material. On the other hand, if T > T* the precipitation of the p phase cannot be realized. 

[002H] It is another object of the present invention to provide the thixocasting process of the above-described type 
capable of producing an aluminum alloy cast product having a high strength and a light weight by using an aluminum 
alloy material having a specified content of Mg^i. 

[0022] To achieve the above object, according to the present invention, there is provided a thixocasting process 
46 comprising the steps of: subjecting an aluminum alloy material to a heating treatment to prepare a semi-molten alumi- 
num alloy material having solid and liquid phases coexisting therein; and pouring the semi-molten aluminum alloy 
material into a cavity in a casting mold under pressure, wherein the aluminum alloy material used is a material having 
a Mg 2 Si content in a range of 2 % by weight «£ MgaSI s 11 % by weight 

[0023] in the above aluminum alloy, if the (Wg^ content is set as described above, the liquid phase amount is suitable 
50 in the semi-molten aluminum alloy material. Therefore, during pouring of the semi-molten aluminum alloy material, the 
liquid phase Is supplied sufficiently to portions around the solid phase, and a Mg^Si portion of an aluminum alloy cast 
product is finely divided and is of a suitable presence amount Further, the aluminum alloy material is used in a semi- 
molten state and moreover, the content of ft^Si which will be the liquid phase is set as described above, and hence, 
the liquid phase amount is small, whereby the amount of hydrogen info the liquid phase is largely decreased. 
56 [0023] In this manner, it is possible to produce an aluminum alloy cast product which is free from casting defects 
such as a shrinkage cavity, blow holes and the like, and has a high strength and a light weight. 
[©€325] However, if the Mg^Si content in the aluminum alloy material is in a range of Mg^Si < 2 % by weight, a shrinkage 
cavity is liable to be produced in an aluminum alloy cast product as a result of a decrease in liquid phase amount On 



3 



the other hand, if Mg^ > 11 % by weight, a brittle Mg^ crystal exists in a large amount in an aluminum dloy cssf 
product and moreover, blow holes are liable to be produced in the aluminum alloy cast product as a result of an increase 
in liquid phase amount. 

pmSi It is a further object of the present invention to provide an aluminum alloy material of the above-described 

9 type from which an aluminum alloy cast product having a high strength and a light weight can be produced utilizing a 
thbto casting process. 

[©027] To achieve the above object, according to the present invention, there is provided a thixocasting aluminum 
alloy material which is to be poured Into a cavity in a casting mold in a semknorten state having solid and liquid phase 
coexisting therein and which has Mg^l content set In a range of 2 % by weight £ Mg 2 SI £ 11 % by weight 

10 [mm] By carrying out a thixocasting process using the above aluminum alloy material, an aluminum alloy cast prod- 
uct free from casting detects such as a shrinkage cavity, blow holes and the like and having a high strength and a light 
weight can be produced. In this case, the reason why the Mg^S'i content is limited is as described above. 

pifflSSg Further, it is another object of the present invention to provide a thixocasting process of the above-described 
type, which is capable of producing an aluminum alloy cast product having a high toughness by specifying the amount 

is Sr added and the shear rate Rs. 

imw\ To achieve the above object, according to the present invention, there Is provided a thixocasting process 
comprising the steps of subjecting an aluminum alloy material, to a heating treatment to prepare a semi-molten alumi- 
num alloy material having solid and Gquld phases coexisting therein, pouring the semi-molten aluminum alloy material 
into a cavtty in a casting mold under pressure, and solidifying the semi-molten aluminum alloy material under pressure, 

20 wherein the amount of Sr added in the aluminum alloy material is set in a range of 0 ppm < Sr< 100 ppm, end the 
shear rate Rs of the semi-molten aluminum alloy material in the cavity is set in a range of Rs > 50 S~ 1 . 
[©©3D] If the amount of Sr added and the shear rate Rs are set as described above, notwithstanding that the amount 
of Sr added is very small, the metallographic structure of a matrix produced by the solidification of the liquid phase can 
be reliably finery c5 vided , and the wettability of the matrix and a dispersion phase produced by the solidification of the 
solid phase can be Improved, thereby enhancing the toughness of the aluminum alloy cast product In addition, a red- 
heated degree of the semi-molten aluminum alloy material by a high-frequency heating is sufficiently enhanced by the 
amount of Sr added. 

[©$DS2] However, If the amount of Sr added is equal to 0 ppm, even If the shear rate Rs is set in the range of Rs * 50 
S 1 , the matrix cannot be finely divided, and the red-heated degree is decreased. On the other hand, if the amount of 

30 Sr added is larger than 1 00 ppm, even if the shear rate Rs is set in the range of Rs £ 50 S" 1 , the wettability of the matrix 
and the dispersion phase is not improved and hence, an aluminum alloy cast product has substantially the same 
toughness as that obtained when Rs < 50 S 1 . Further, even If the amount of Sr added is in the range of 0 ppm < Sr £ 
100 ppm, if the shear rate Rs is smaller than 50 S* 1 , an aluminum alloy cast product has substantially the same tough- 
ness as that obtained when Sr > 100 ppm. 

& It is a yet further object of the present invention to provide a thixocasting process of the above-described type 

which is capable of producing an aluminum alloy cast product having a high toughness. 

[©024] To achieve the above object, according to the present invention , a thixocasting aluminum alloy material which 
contains Sr added thereto as a modifying agent, the amount of Sr added being set in a range of 0 ppm < Sr < 1 00 ppm. 
[00S5] The use of this aluminum alloy material makes It possible to produce an aluminum alloy cast product having 
*o a high toughness by utilizing a thixocasting process. 

[0038] Yet further, It is an object of the present invention to provide a thixocasting aluminum alloy material of the 
above-described type wherein the agglomeration of a high-melting component in a semi-molten state is avoided, so 
that the material has a good fluidity. 

[©©37] To achieve the above object, according to the present invention, there is provided a thixocasting aluminum 
<5 aDoy material which has a characteristic that a first angled endothermic section appearing due to the melting of a 
eutectlc component and a second angle endothermic section appearing due to the melting of a component having a 
melting point higher than a eutecQc point in a differential calorimetric curve, and En which when the maximum value of 
the distance between the first endothermic section and a straight line interconnecting a melt-start point of the eutectlc 
component and a melt-end point of the high-melting component is represented by t, and the maximum value of the 
so distance between the straight line and the second endothermic section is represented by u, the ratio u/t of the maximum 
value u to the maximum value t is in a range of u/t £ 0.1 . 

If the ratio u/t is in the range of u/t < 0.1 as described above, the heat amount of solidification of the high- 
melting component is small and hence, the time taken for such component to be solidified is shortened. Thus, the 
agglomeration of the high-melting component In the semi-molten aluminum alloy material is avoided and hence, such 
& aluminum alloy material has a good fluidity. 

[WW] However, tor the reason for maintaining the shape of the semi-molten aluminum alloy material, it is desirable 
that the lower limit of the ratio u/t is equal to 0.005. 

PD©40J The above and otherobjects, features and advantages of the invention wlO become arjparentfrom the following 
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description of the preferred embodiments taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a longitudinal sectional front view of one example of a pressure casting machine; 

Flg.2 is a differential calorimetric curve for an example A of an Al-Si baaed alloy material; 

Fig.3 is photomicrograph showing the metallcgraphic structure of an example A n of an aluminum alloy cast product; 

Fig.4A corresponds to a partially enlarged photograph of Fig.3; 

Fig.4B is a tracing of an essentia) portion of Fig.4A; 

Fig.5 shows an essential portion of a state graph of an Al-Si based alloy; 

Fig.6 is a photomicrograph showing the ntatallographic structure of an example As of an aluminum alloy cast 
product; 

Fig.7A corresponds to a partially enlarged photograph of Fig.6; 

Fig.TB is a tracing of an essential portion of Fig.7A; 

Fig.8 Is a side view of an essential portion of a movable die; 

Fig.9 is a graph illustrating the relationship between the volume fraction rate Vf of a primary crystal Si phase and 
the flow length ratio as well as the Charpy impact value; 

Fig. 10 is a differential calorimetric curve tor an example A of an aluminum alloy material; 

Fig. 11 is a differential calorimetric curve for an example C of an aluminum alloy material; 

Fig.12 is a graph illustrating the relationship between the Mg^ content and the ultimate strength; 

Fig.13 is a graph illustrating the relationship between the Mg^Si content and the amount of hydrogen dissolved; 

Fig. 1 4 is a photomicrograph showing the metaitographic structure of the example A 1 of the aluminum alloy material; 

Fig.1SA is a photornicrograph showing the metaitographic structure of an example C, of an aluminum alloy cat 

product; 

Hg.15B is a tracing of an essential portion of Fig.15A; 

Fig.16A is a photomicrograph showing the metaliographic structure of an example F 1 of an aluminum alloy cast 
product; 

Fig.16B is an enlarged photomicrograph of an essential portion of Fig.16A; 

Fig.17 is a photomicrograph showing the metaliographic structure of an example F 4 of an aluminum alloy cast 
product; 

Fig.18 is a photomicrograph showing the metaliographic structure of an example C 4 of an aluminum alloy cast 
product; 

Fig.19 is a longitudinal sectional front view of another example of a pressure casting machine; 
Rg.20 is a sectional view taken along a line 20-20 in Fig.19; 
Fig.2 1 is a perspective view of an aluminum alloy cast product; 

Fig.22 is a photomicrograph showing the metaliographic structure of the example A, of the aluminum alloy cast 
product; 

Fig.23 is a graph showing the amount of Sr added and the fracture toughness value K[ C as well as the Charpy 
impact value C; 

Fig.24 is a graph showing an example of the relationship between the shear rate Rs and the Charpy impact value C; 
Fig.25 is a graph showing an example of the relationship between the shear rate Rs and the fracture toughness 
value K )C ; 

Fig.26 is a graph showing another example of the relationship between the shear rate Rs and the Chary impact 
value C; 

Fig.27 is a graph showing another example of the relationship between the shear rate Rs and the fracture toughness 
value K )C ; 

Fig.28 is a differential calorimetric curve for the example A, of the aluminum alloy material; 

Fig. 29 is a differential calorimetric curve for an example a, of an aluminum alloy material; 

F)g.30 is a differential calorimetric curve tor an example B^ of an aluminum alloy material; 

Fig.31 is a differential calorimetric curve tor an example Bg of an aluminum alloy material; 

Fig.32 is a differential calorimetric curve for an example B A of an aluminum alloy material; 

Fig.33A is a photomicrograph showing the metaliographic structure of the example A, of the aluminum alloy cast 

product; 

Fig.33B is a tracing of an essential portion of Fig.33A; 

Fig.34 is a photomicrograph showing the metallography structure of the example B 1 of the aluminum alloy cast 
product. 
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DETAILED DESCtPTIQM OF THE PREFERRED EMBODIMENTS 



Examples out of the scope of the Invention 

9 [©042] A pressure casting machine 1 shown In Fig,1 Is used to cast an aluminum alloy cast product in a thixccasting 
process using an aluminum alloy material. The pressure casting machine 1 includes a casting moid m which is com- 
prised of a stationary die 2 and a movable die 3 having vertical mating faces 2a and 3a A cast product forming cavity 
4 Is defined between both the mating feces 2a and 3a. A chamber 6 for placement of a semi-molten aluminum alloy 
material 5 is defined In the stationary die 2 and communicates with the cavity 4 through a gate 7. A sleeve 8 is horizontally 

10 mounted to the stationary die 2 to communicate with the chamber 6, and a pressing plunger 8 is slidably received in 
the sleeve 8 and inserted into and withdrawn from the chamber 6. The sleeve 8 has a material insertion inlet 10 in an 
upper portion of a peripheral wall thereof. In this case, the clamping force is set, for exampta, at 200 tons, and the input 
pressure is set, for example, at 20 tons. 

is <Exemp!e 1 > (Out of the scope of the invention) 

flD©43] Table 1 shows the composition of an example A of an Al-Si based alloy material having a hypo eutectic crystal 
composition. The example A is made by cutting from a long continuous cast material having a high quality and produced 
utilizing a continuous casting process. In producing the long continuous cast material in the casting process, a sphe- 
20 roidization of oroluminum is performed. The example A has a diameter of 50 mm and a length of 65 mm. 



Table 1 



Example A of Al-Si based alloy material 


Chemical constituent (% by weight) 


Si 


Mg 


Fe 


Sr 


Balance 




6.9 


0.57 


0.10 


0.034 


Al 



M The example A was subjected to a differential scanning calorimetry (DSC) to provide results shown in Rg.2. 
In a differentia] calori metric curve a In Fig.2, a first angled endothermic section b appearing due to the melting of a 
eutectic crystal and a second angled endothermic section c appearing due to the melting of a component having a 
melting point higher than a eutectic point exist. The temperature T t of a rise-start point d in the first angled endothermic 
section b is equal to 556°C, and the temperature T 2 of a drop-end point (corresponding to a rise-start point in the 
second angled endothermic section c and so forth) is equal to 580°C. The temperature T 3 of a peak f in the second 
angled endothermic section c is equal to 588°C. The temperature of a peak g in the first angled endothermic section 
b is 571 °C, and the temperature of a drop-end point h of the second angled endothermic section c is 608°C. 
[0045] The example A was placed info a heating coll of an induction heating device and then heated under conditions 
of a frequency of 1 kHz and a maximum output power of 37 kW to prepare a semi-molten Al-Si based alloy material 
having solid and liquid phases coexisting therein. In this case, the heating temperature for the example A was set at 
575°C, and the solid phase rate was set at 70 %. 

[0®&8] Thereafter, the example A of (he semi-molten Al-Si based alloy material 5 was placed into the chamber 6 and 
poured into the cavity 4 through the gate 7 while being pressurized under conditions of a casting temperature T = 
575°C OH £ T £ TJ, a moving speed of the pressing plunger 9 of 0.2 nrvsec and a mold temperature of 250°C. A 
pressing fores was applied to the example A filled in the cavfty 4 by retaining the pressing plunger 9 at a stroke terminal 
end, thereby solidifying the example A under such a pressure to provide an aluminum alloy cast product A|. 
[©©47] For the comparison, the casting operation was carried out under the same conditions, except that the casting 
temperature T of the example A was set at 585°C (T 2 £ T £ T 3 ), and the solid phase rate was set at 45 %, thereby 
producing an aluminum alloy cast product A2. 

[0®4$] Rgs.3 end 4A are photomicrographs showing the metallographic structure of the aluminum alloy cast product 
A 1 , and Fig.4B is a tracing of an essential portion of Fig.4A. The metaDographic structure is comprised of an a-AI phase 
formed by the solidification of a solid phase, and a matrix M and thus a primary crystal Si phase and an Al-Si eutectic 
crystal phase formed by the solidification of a liquid phase. In this case, the primary crystal Si phase was dispersed 
around the solid phase and has a volume fraction rate Vf of 2.8 %. 

[<D®4£T| The reason why the metallographic structure having the primary crystal Si phase existing therein was pro- 
duced in spite of the use of the Al-Si based alloy material having the hypo eutectic crystal composition as described 
above is as follows: If the casting temperature T is set at 575°C, the liquid phase has a eutectic composition containing 
11 .7 % by weight of Si, as shown in Fig.5 because the temperature T is in a range of T t (656°C) £ T (675*C) 5 T 2 
(580°C) in Fig.2. In the solidifying step, the composition of the liquid phase is varied so as to waver toward an over- 
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eutectic crystal side and a hypo eutectic crystal side across the eutectic point serving as a boundary, as shown by a 
curve I in Rg.5 and henoa, 8 primary crystal SI phase is precipitated on the over-eutectic side and an AJ-SJ eutectic 
crystal is precipitated on the hypo eutectic side. 

Wl In this case, the growth of the primary crystal Si phase is hindered by the a-Al phase which is a solid phase 
s and hence, the grain size D of the primary crystal SI phase Is in a range of 5pm £ D £ 20 pm. In carrying out a gravity 
casting using an Al-Si based alloy material having an over-eutectic composition, the fine division of the primary crystal 
Si phase is performed using P or the like. In this case, the grain size D of the primary crystal Si phase is in a range of 
20^m ^ D £ 50 jim. If the case of the grain size D in the range of 5}im £ D £ 20 pm is compared with with the case of 
the grain size D in the range of 20pm £ D £ 50 pm, it can be seen that the farther fine division of the primary crystal Si 
10 phase is achieved according to the above-described process. 

[GOSH] If the casting temperature T is set as described above, the solid phase rate in the semi-molten Al-Si based 
alloy material is increased to 70 %. However, the primary crystal Si phase exhibited an effect of inhibiting the mutual 
agglomeration of the solid phases and hence, the semi-molten Al-Si based alloy material had a good fluidity, and the 
generation of casting defects was not observed in the aluminum alloy cast product. 

[!tt@S2] Figs.6 and 7A are photomicrographs showing the metailographic structure of an example As of an aluminum 
alloy cast product, and Fig.7B is a tracing of an essential portion of Fig.7A. This metailographic structure is comprised 
of an a-Al phase and a matrix and thus an Al-Si eutectic crystal formed by the solidification of a liquid phase . No primary 
crystal Si phase exists in this metailographic structure. 

[«3] The reason why no primary crystal Si phase exists is as follows: if the casting temperature T is set at 585°C P 
2D the liquid phase has a hypo eutectic crystal composition containing about 10.4 % by weight of Si, as shown in Rg.5, 
because the temperature T is in a range of T 2 (580°C) < T (585°C) < T 3 (598°C) in Fig.2. In the solidifying step, the 
composition is varied so as to waver toward a higher-Si side and a lower-Si side across about 10.4 % by weight of Si, 
as shown by a curve j in Fig.5, but cannot exceed a eutectic point Therefore, no primary crystal Si phase is precipitated. 
[©054] Test pieces A 1 and Ag wre ma** 8 from the aluminum alloy cast product examples A 1 and Ag and subjected 
29 to a T6 treatment and then to a tensile test and a Charpy impact test to provide results given in "fable 2. 



Table 2 



30 



Test piece 


02 % proof strength (MPa) 


Tensile strength (MPa) 


Elongation (%) 


Charpy impact value (J/ 
cm 2 ) 




311 


342 


7.5 


3.9 


*2 


254 


319 


10.9 


5.8 



[©©55] As apparent from Table 2, the test piece A, having the primary crystal Si phase existing therein has an en- 
hanced strength, as compared with the test piece Aj having no primary crystal Si phase. In the test piece A 1 , reductions 
in ductility and toughness were inhibited, because the primary crystal Si phase was finely divided and had a suitable 
volume fraction rate Vf. 



<Exemp!e 2> (out of the scope of the invention) 

[©©£3] Table 3 shows chemical constituents of examples B v Bj and B3 of Al-Si based alloy materials having a hypo 
eutectic crystal composition and an example B 4 of an Al-Si based alloy material having an over-eutectic composition. 
These examples B 1 to B 4 are materials cut away from a long continuous cast product made in a continuous casting 
process, and in this casting thereof, the spheroid ization of a-Al was performed. Each of the examples B 1 to B 4 had a 
diameter of 50 mm and a length of 65 mm. 



Tabled 



Example of Al-Si based alloy material 


Chemical constituent (% by weight) 


Si 


Mg 


Cu 


Balance 


B i 


3.2 


0.5 




Al 


B2 


5.7 


0.5 




Al 


B3 


9.1 


0.8 


2.8 


Al 


B 4 


12.9 


0.2 


3.8 


Al 



[©43)57] Each of the examples B, to B 4 was subjected to a differential scanning caJorimetry (DSC) and as a result, it 
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was made clear that a first angled endothermic section appearing due to the melting of a eutecQc crystal end a second 
angled endothermic section appearing due to the melting of a component having a melting point higher than a eutectic 
point exist in a differential calori metric curve. 

[0058] Table 4 shorn temperatures of various points in the differential catori metric curve. 
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[0056] Then, the example B 1 was placed into the heating coil in the induction heating device and then heated under 
conditions of a frequency of 1 kHz and a maximum output power of 37 kW to prepare an example B 1 of a semi-molten 
AI-SI based alloy material having soDd and liquid phases coexisting therein. 

10060] Thereafter, as shown In Rg.1 , the example B 1 of the semi-molten Al-Si based alloy material was placed into 

s the chamber 6 and poured into the cavity 4 through the gate 7 while being pressurized under conditions of a moving 
speed of the pressing plunger 9 of 0.2 m/sec and a mold temperature of 20°C. A pressing force was applied to the 
example B n filled in the cavity 4 by retaining the pressing plunger 9 at a stroke terminal end, thereby solidifying the 
example B 1 under pressure to produce an example B 1 of an aluminum alloy cast product Using examples B^ B3 and 
B 4 of other AI-SI based alloy materials, the same casting operation was carried out to produce examples B 2 , B 3 and 

ro B 4 of aluminum aOoy cast products. 

[0081] The metal log raphic structure of each of the examples Bj, B3 and B 4 of the aluminum alloy cast products was 
examined. It was made clear from the result that the metal log raphic structure was comprised of an a-AI phase formed 
by the solidification of a soGd phase and a matrix M and thus a primary crystal Si phase and an Al-Si eutectic crystal 
phase formed by the solidification of a liquid prase, in addition, no casting defect was observed in each of the examples 

f s B 2 , B3 and B 4 of the aluminum alloy cast products. 

[0002] Then, the examples B 1( B 2 , B3 and B 4 of the Al-Si based alloy materials were subjected to a fluidity test. A 
movable die 3 1 used for this test includes a cavity 4 1 which is comprised of a circular portion 4a communicating with 
the gate 7, and a substantially U-shaped bent portion 4b extending from the circular portion 4a, as shown in Rg.8. 
[0063] In the fluidity test, first, an example B 1 of a semi-molten AI-SI based alloy material was prepared under the 

20 same conditions as in the casting operation. Then, the example B 1 was poured into the cavity 4 1 under the same 
conditions and solidified therein. 

[0084] After opening of the mold, the weight of a solidified material B 1 existing in the bent portion 4b of the cavity 4 1 
was measured. Such weight was defined as a flow length. 

[0065] The other examples B 2 , B 3 and B 4 of the Al-Si based alloy materials were subjected to the same fluidity test 
25 as that described above to measure their flow lengths. 

[0066] The flow length of the example B t was defined as "1 .0", and the flow length ratio of the other examples B 2 , 
Bg and B 4 was determined. 

[0067] Further, test pieces were fabricated from the four examples B 1 , B2, B3 and B 4 of aluminum alloy cast products 
and subjected to a T6 treatment end then to a Charpy impact test. 
30 [0068] Table 5 shows the casting temperature T, the solid phase rate and various measurements lor the examples 
B 1t B 2 , B 3 and B 4 of aluminum alloy cast products. 
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It can be seen from Table 5 that the casting temperature Tfor the examples B v Bj, Bg end B 4 of the aluminum 
alloy cast products was set in a range of TV, 5 T < T 2 . It can be also seen that If the volume fraction rate Vf of the primary 
crystal Si phase Is Increased, the fluidity of the semi-molten AJ-Si based alloy material is enhanced, 
pwmq Fig.9 is a graph taken from Table 5 and showing the relationship between the volume fraction Vf of the primary 
a crystal Si phase and the flow length ratio as well as the Charpy impact value for the aluminum alloy cast product 
examples B 1 , B3 and B 4 . In Fig.9, points B v Bj, B3 and B 4 correspond to the aluminum alloy cast product examples 
B i. B 3 arKi B 4 "fh® relationship between the point and the example applies to Figures which wiQ be described 
hereinafter. 

[M)7H] As apparent from Table 6 and Fig.9, 17 the grain size D of the primary crystal Si phase Is In the range of Sum 
10 £ D£ 2041m and the volume fraction Vf thereof is in the range of 1.5 % £ Vf £ 4.7 % as In the aluminum alloy cast 
product examples B v B 2 and B3, the fluidity of the semi-molten Ai-Si based aOoy material can be improved; the gen- 
eration of casting defects can be prevented, and the strength and toughness of the aluminum alloy cast product can 
be insured. 

[©©72] The flow length ratio for the aluminum alloy cast product example A 1 in Example 1 was 1 .1 . 
15 t©0 73] The aluminum alloy materials include not only the Al-Si based alloy material, but also an AI-CuA^ based alloy 
material, an Al-Mg^l based alloy material, an AI-AIFeSJ intefmetallic compound based alloy material and the like. 

Example out of the scope of the invention 

2D [©©74] Table 6 shows the composition and the density of examples A, B, C, D, E and F of aluminum alloy materials. 
The examples A to F are materials cut away from a long continuous material having a high quality and made in a 
continuous casting process. In the casting them, the spheroidization of a-Ai was performed. Each of the examples A 
to F has a diameter of 50 mm and a length of 65 mm. 

25 Table 6 



Example of Al alloy material 


Chemical constituent (% by weight) 


Density (gfcm 3 ) 


M fl2 Si 


Mg 


Si 


Cu 


Balance 


A 


1.0 


0.8 


0.4 


0.4 


Al 


2.7 


B 


2.3 


1.4 


0.9 


1.9 


Al 


2.69 


C 


7.9 


4.8 


3.1 


2.1 


Al 


2.67 


D 


11.0 


64 


4.1 


1.8 


Al 


2.63 | 


E 


13.7 


8.2 


5.5 


1.4 


Al 


2.58 


F 


26.2 


16.0 


10.8 


2.3 


Al 


2.48 



[075] The example A was subjected to a differential scanning cetorimetry (DSC) to provide a result shown in Fig. 
10. Only a single angled endothermic section appears in a differential calori metric curve a shown in Fig.10. 
[0078] Fig.11 shows a differential calorimetric curve for an example C. Afirst angled endotoermic section b appearing 
due to the melting of a eutectic crystal and a second angled endothermic section c appearing due to the melting of a 
component having a melting point higher than aeutectlc point exist in the differentia] calorimetric curve. The temperature 
of a rise-start point d in the first angled endothermic section b is a melt-start temperature (a solidification-end temper- 
ature) of the eutectic component, and the temperature of a drop-end point e in the first angled endothermic section b 
(a rise-start point of the second angled endothermic section c) is a melt-end temperature of the eutectic component 
(a matt-start temperature of the high-melting component). Further, the temperature of a drop-end point h in the second 
angled endothermic section c is a melt-end temperature (a solidification-start temperature) of the high-melting com- 
ponent. 

[©©77] The aluminum alloy material example A was placed into the heating coll in the induction heating device and 
then heated under conditions of a frequency erf I kHz and a maximum output power of 37 KW to prepare an example 
A of a semi-molten aluminum alloy material having solid and liquid phases coexisting therein. 
[©©78] Thereafter, as shown in Fig. 1, the semi-molten aluminum alloy material example A was placed into the cham- 
ber 6. A primary pressing step for the example A was started under conditions of a casting temperature of 640°C, a 
solid phase rate of 40 %, a moving speed of the pressing plunger 9 of 0.5 m/sec a gate-passing speed of the example 
A of 0.8 m/sec and a mold temperature of 250°C V and the example A was poured through the gate 7 Into the cavity 4 
while being pressed. The plunger pressure at the completion of the primary pressing step was set at 350 kgf/crri 2 . 
[©©7£fl After completion of the primary pressing step, a secondary pressing step for the example A was immediately 
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started. In the secondary pressing step, the example A was solidified to provide an example A of an aluminum alloy 
cast product. The plunger pressure in the secondary pressing step was set at 760 kgffcm 2 , and the pressing retention 
time was set at 30 sec. 

[00801 Then, the trrixocasting process was carried out in the same manner, except that the solid phase rate R of the 
aluminum alloy material example A was varied to 5 % and 10 %; the solid phase rate S of examples B, C and D was 
varied to 5 %, 10 % and 40 % and the solid phase rate S of an example E was set at 40 %, thereby producing various 
examples A2, A3, B^, C 1f C2, C3, D 1a D 2 , D 3 , E A and F 1 of aluminum alloy cast products. These examples A2, 

As, B i , Bj, B3, , C2, D n , D 2 , D^, E 1 and F, correspond to the aluminum alloy material examples A to F, respectively. 
[0081] Further, using the aluminum alloy material examples A to F, a gravity casting was carried out at a pouring 
temperature of 700°C and a mold temperature of 100° C to produce various aluminum alloy cast product examples A* 
to F 4 (in this case, the solid phase rate S of the examples A to F was 0 %). These examples A4 to F 4 correspond to 
the examples A to F, respectively. 

[0082] Tensile tost pieces were fabricated from the aluminum alloy cast product examples Af to A4, B 1 to B 4 , C t to 
C 4 , D 1 to D 4 , E v Ft and F 4 and subjected to a tensile test to measure the ultimate strength, thereby providing 
results shown in Table 7. 
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[£5©$3] Rg. 12 is a graph taken from Table 7 and showing the relationship between the Mg 2 Si content and the ultimate 
strength. In Fig. 1 2, ft can be generally mentioned that the aluminum alloy cast product made by the thixocasting process 
has a strength higher than that of the aluminum alloy cast product made by the gravity casting process, but the aluminum 
alloy cast product examples E 1 and Es as well as F 1 and F 4 having the WfeSi content larger than 11 % by weight have 
substantially equivalent strengths. This is tor the following reason: In the case of the examples B, (F^the amount of 
hydrogen dissolved is small, but the presence amount of the brittle WJg^i is large. On the other hand, in the case of 
the example (F 4 ), the amount of hydrogen dissolved is large. Due to these mots, the strengths of the examples E<\ 
(F-,) and the example E 4 (FJ are decreased and substantially equal to each other. 

[WDSS] Flg.13 shows the relationship between the Mg^i content and the amount of hydrogen dissolved for the alu- 
minum alloy cast product examples ^ , O, , E 1 and F 1 produced using the semi-molten aluminum alloy material exam- 
ples A, C, E and F having the solid phase rate S equal to 40 % and the aluminum alloy cast product examples C 4 , E 4 
and F 4 produced by the gravity casting process using the aluminum alloy material examples C, E and F having the 
solid phase rate equal to 0 %, i.e., molten metals thereof. It can be seen from Rg.13 that at the same MgjSi content, 
the amount of hydrogen dissolved in the aluminum alloy cast product examples , E 1 and F 1 produced by the thix- 
ocasting process is smaDer than that in the aluminum alloy cast product examples C 4 , E 4 and F 4 produced by the 
gravity casting. 

Rg. 1 4 is a photomicrograph showing the metallographic structure of the aluminum alloy cast product example 
produced using the semi-molten aluminum alloy material having the solid phase rate S equal to 40 %. It can be 
seen from Rg.14 that a shrinkage cavity (a black area) was produced around the spherical a-AI. This is due to the fact 
that the liquid phase was sufficiently not supplied to portions around the solid phase in the semi-molten aluminum alloy 
material example A. 

[mw\ Rg.15A is a photomicrograph showing the metallographic structure of the aluminum alloy cast product ex- 
ample C 1 produced using the semi-molten aluminum alloy material example C having the solid phase rate equal to 40 
%, and Fig.15B is a tracing of en essential portion of Fig.15A. it can be seen from Rgs.15A end 1 5B that no shrinkage 
cavity and no blow hole are produced in the aluminum alloy cast product example O, , and the Mg 2 Si was finely divided 
and was of a suitable presence amount and thus, the aluminum alloy cast product example C, has a good casting 
quality. This is attributable to the feet that since the Mg^ 1 content in the semi-molten aluminum alloy cast product 
example C was set In the range of 2 % by weight £ Mg 2 S) £ 11 % by weight, the liquid phase was sufficiently supplied 
to around the solid phase and the amount of hydrogen dissolved in the liquid phase was small. 
[M7] Rgs.i&A and 16B are photomicrographs showing the metallographic structure of the aluminum alloy cast 
product example F 1 produced using the semi-molten aluminum alloy material having the solid phase rate equal to 40 
%. It can be observed in Fig.16A that MgjSi is a dark gray massive portion and exists in a large amount It can be 
observed in Fig.16B that Mg^i is a large massive portion and is brittle and hence, has cracks produced. The cracks 
appear as black fines in some Mg2Si in Fig.16A 

PD08Q Rg.1 7 is a photomicrograph showing the metallographic structure of the aluminum alloy cast product example 
F 4 produced by the gravity casting process using the aluminum alloy material example F having the solid phase rate 
S equal to 0 %, i.e., the molten metal thereof. Blow holes (black portions) were produced in the aluminum alloy cast 
product example F 4 due to a large amount of hydrogen dissolved. 

imw\ Rg.1 8 is a photomicrograph showing the metallographic structure of the aluminum alloy cast product example 
C 4 produced by the gravity casting process using the molten metal of the aluminum alloy material example C (having 
the solid phase rate S equal to 0 %). Blow holes (black portions) were also produced in the aluminum alloy cast product 
example C 4 , as In the aluminum alloy cast product example F 4 shown In Fig. 17. 

[©®SflO As apparent from the above results, by using the aluminum alloy material having the Mg 2 Si content in the 
range of 2 % by weight £ Mg 2 < 1 1 % by weight in carrying out the thixocasting process, an aluminum alloy cast product 
having no casting defects generated and having a high strength and a fight weight can be produced. 
flWDBH] Itispraferablefromthe Rg.1 2 thatto decrease the amount of hydrogen dissolved in trte semi-molten aluminum 
alloy material to reOably enhance the strength of the aluminum alloy cast product, the solid phase rate S of the material 
is set In the range of S £ 10 %. 

[Embodiment I] 

[0082] A cavity 4 in a casting mold m in a pressure casting machine shown in Figs. 19 and 20 is of a rectangular 
parallelepiped shape with a long side extending verticaOy and is formed so that the volume is stepwise decreased from 
the below to the above by a stepped surface 1 1 located on a mating face 2a of a stationary die 2 . The other structures 
are the same as in the pressure casting machine 1 shown in Rg.1 and hence, the same components are designated 
by like reference characters in Figs. 19 end 20. 
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<ExampEs 1> 

[©083] Table 8 shows the compositions of aluminum alloy material examples A 2 and A 3 and examples B 1 and 
B2 for comparison. The examples A 1 , A2, A3, B 1 and Bg are materials cut away from a long continuous casting material 
made in a continuous casting process and having a high quality. In the casting thereof, the spherokfization of arAi was 
performed. Each of the examples A^ Ag, A3, B 1 and has a cSemater of 50 mm and a length of 65 mm. In this case, 
the inside diameter k of the chamber 6 is equal to 55 mm. 



Tables 



Example of aluminum alloy material 


Chemical constituent (% by weight) 


SI 


Mg 


Fe 


Sr(ppm) 


Al 


A1 


7.10 


DM 


0.10 


3 


Balance 


Az 


7.05 


0.50 


0.09 


20 


Balance 


** 


7.00 


037 


0.10 


100 


Balance 


B1 


6.90 


052 


0.11 


172 


Balance 


B2 


7.00 


057 


0.10 


336 


Balance 



First, the example A, was placed into the heating coil in the induction heating device and then heated under 
conditions of a frequency of 1 kHz and a maximum output power of 30 kW to prepare an example A 1 of a semi-molten 
aluminum alloy material having solid and liquid phases coexisting therein. In this case, the solid phase rate was set at 
45%. 

Thereafter, as shown in Fig.19, the example A 1 of the semi-molten aluminum alloy material 5 was placed into 
the chamber 6 poured through the gate 7 into the cavity 4 while being pressed under conditions of a casting temperature 
of the example A t of 580°C f a moving speed of the plunger 9 of 0.20 m/sec, a casting pressure of 800 kgff (sec - cm 2 } 
and a mold temperature of 250°C. A pressing force was applied to the example A) fined in the cavity 4 by retaining 
the pressing plunger 9 at a stroke terminate end, so that the example A 1 was solidified under pressure to produce an 
aluminum alloy cast product example A 1 . After casting, the aluminum alloy cast product example A, was subjected to 
a T6 treatment (this applies to an aluminum alloy cast product which will be described hereinafter in this embodiment II I). 
[<D®S@] Fig.21 shows the aluminum alloy cast product example A, . The sizes of portions of the example Aj are as 
follows: The entire length n = 130 mm; the entire width = 60 mm; the length n 1 of a tip end Z = 20 mm and the thickness 
p 1 thereof = 5 mm; the length r^of a first intermediate portion Y = 20 mm and the thickness p^ thereof =10 mm; the 
length of a second intermediate portion X = 20 mm and the thickness P3 thereof = 15 mm; and the length of a base 
end W located between the second Intermediate portion X and a scrap portion So corresponding to the gate 7 = 20 
mm and the thickness p 4 thereof = 20 mm. 

[MOT] Fig.22 is a photomicrograph showing the metallographic structure of the first intermediate portion Y of the 
aluminum alloy cast product example A 1 after the T6 treatment, in Fig.22, a relatively large end rounded portion is a 
dispersion phase formed by the soDdification of the solid phase, namely, an a-AI phase, and a portion filling an area 
between the dispersion phases is a matrix formed by the solidification of the liquid phase. The matrix is comprised of 
an infinite number of black dot-like Al-Si eutectic crystal phases, and oAl phases filling the areas between the AJ-Si 
eutectic crystal phases, it can be seen from Fig.22 that the metallographic structure of the matrix was finely divided, 
and the matrix and the dispersion phases were sufficiently in contact with each other. 

The casting operation was carried out in the same manner using examples A3 and A3 and examples B 1 and 
B 2 , thereby producing four aluminum alloy cast product examples A* A3, B 1 and B 2 having the same shape as the 
aluminum alloy cast product example A,. 

[M88] Table 9 shows the flow speed V and the shear speed Rs in shaping the portions W to Z as well as the Charpy 
impact value C and the fracture toughness value K, c for the aluminum alloy cast product examples A, , Aa, Ag, B 1 and 83. 
[©DO] The flow speeds V for the tip end Z, the first and second intermediate portions Y and X and the base end W 
were measured at entrances r 1 , r 2 , r 3 and r 4 of a tip end shaping zone 4z, first and second intermediate portion shaping 
zone 4y and 4z and a base end shaping zone 42 in the cavity 4, as shown in Fig .1 9, immediately before the completion 
of the pouring of the examples A 1 and the like into the cavity 4. The shear rate Rs was determined according to Rs = 
V7(p/2) wherein V represents the flow speed, and p represents the width of the shaping zones 4z to 4W and thus, the 
thickness of the portions Z to W (p is p v p 2 , pg and p 4 ). 
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[9101] Rg.23 is a graph taken from Table 9 and showing the relationship between the amount of Sr added and the 
Charpy Impact value C as well as the fracture toughness value for the tip ends Z of the aluminum alloy cast product 
examples A,, A 2r A 3 , B, and Bj. It can be seen from Flg.23 that rf the amount of Sr added te set fri a range of Sr s 100 
ppm as in the examples A 1 , and the toughness of the aluminum alloy cast product examples A v A 2 and A3 is 
6 largely enhanced. 

[0102] Fig.24 is a graph taken from Table 9 and showing the relationship between the shear speed Rs and the Charpy 
impact value C for the portions W to Z of the aluminum alloy cast product examples A,, A3, B 1 and B2. It can be 
seen from Fig.24 that if the amount of Sr added is set in the range of Sr £ 1 00 ppm and the shear rate Rs is set In the 
range of Rs ;> 50 r 1 as tn the examples A,, A* and Ag, the Charpy impact value C Is enhanced as in the portions X, 
10 Y and Z of the aluminum alloy cast product examples A, , Ag and A3. If the amount of Sr is larger than 1 00 ppm, as in 
the examples B 1 and B^ even if the shear rate Rs is set in the range of Rs>50s-\ the enhancement of the Charpy 
impact value is not observed as in the aluminum alloy cast product examples B 1 and B2. 

[0103] Fig.25 is a graph taken from Table 9 and showing the relationship between the shear rate Rs and the fracture 
toughness value K, c for the portions W to Z of the aluminum alloy cast product examples A, , A* A3, B 1 and B2. It can 
15 be seen from Rg.25 that if the amount of Sr added is set in the range of Sr < 100 ppm and the shear rate Rs is set in 
the range of Rs £ 50 s* 1 , as In the examples A,, A 2 and A3, the fracture toughness value K, c Is enhanced as in the 
portions X, Y and Z of the aluminum alloy cast product examples A 1 , A2 and A3. If the amount of Sr added is larger 
than 1 00 ppm as in the examples B 1 and B 2 , even if the shear rate Rs is set in the range of Rs * 50 s- 1 , the enhancement 
of the fracture toughness value K, c is not observed as in the aluminum alloy cast product examples B 1 and Bz. 

2D 

< Example 2> 

[0104] Table 10 shows the compositions of examples A4 having a Mg content decreased from that in Example 1 and 
an example B 3 for comparison. The examples A* and B 3 are likewise materials cut away from a long continuous cast 
26 product made in a continuous casting process and having a high quality, and in the casting thereof, the spheroidizatKon 
of cx-AI was performed. Each of the examples A4 and B3 has a diameter of 50 mm and a length of 65 mm. 



Table 10 
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Example of aluminum alloy material 


Chemical constituent (% by weight) 


Si 


Mg 


Fe 


Sr(ppm) 


Al 


A* 


7.00 


0.28 


0.13 


5 


Balance 


B3 


7.10 


0.30 


0.09 


167 


Balance 



35 

[0105] Using the examples A* and B3, the casting operation was carried out in the same manner as described above 
to produce two aluminum alloy cast product examples A4 and B3 having the same shape as the aluminum alloy cast 
product example A,. 

[0106] Table 11 shows the flow speed V and the shear speed Rs in shaping portions W to Z f and the Charpy impact 
40 value C and the fracture toughness value K, c of the portions W to Z in the aluminum alloy cast product examples A* 
and B 3 . 
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[OH ti>7] Rg.26 is a graph taken from Table 11 and showing the relationship between the shear rate Rs and the Charpy 
impact value C for the portions W to Z of the aluminum alloy cast product examples \ and B3. As apparent from Fig. 
26, if the amount of Sr added Is set In the range of Sr < 100 ppm and the shear rate Rs is set in the range of Rs£ 50 
S- 1 as in the example A^, the Charpy impact value C is enhanced as in the portions X, Y and Z of the aluminum alloy 
s cast product example A*. If the amount of Sr added is larger than 100 ppm as In the example B 3 , even if the shear rate 
Rs is set in the range of Rs £ 50 S* 1 , the enhancement of the Charpy impact value C is not observed as in the aluminum 
alloy cast product example B3. 

[0U MS] Fig.27 is a graph taken torn Table 11 and showing the relationship between the shear rate Rs and the fracture 
toughness K, c for the portions W to 2 of the aluminum alloy cast product examples A* and 83. As apparent from Fig. 
10 27, if the amount of Sr added is set in the range of Sr 5 1 00 ppm and the shear rate Rs is set in the range of Rs £ 50 
S' 1 as in the example A*, the fracture toughness value K, c is enhanced as in the portions X. Y and Z of the aluminum 
alloy cast product example A*. If the amount of Sr added is larger than 100 ppm as in the example even if the shear 
rate Rs is set in the range of Rs £50 S" 1 , the enhancement of the fracture toughness value K, c is not observed as in 
the aluminum alloy cast product example B3. 

15 

Example out of the scope of the invention 

[QUIDS] Table 12 shows the compositions of examples A 1 and A2 of thixocasting aluminum alloy materials and exam- 
ples B v Bj, B g and B 4 for comparison. These examples A 1P A* B 1f 83, B3 and B 4 are materials cut away from a long 
2D continuous cast product made in a continuous casting process and having a high quality, and in the casting thereof, 
the spheroid ization of ct-Al was performed. 



Table 12 
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Example of aluminum alloy material 


Chemical constituent (% by weight) 


Si 


Fe 


Cu 


Mn 


Mg 


Balance 


Ai 


17.2 


0.25 


4.5 


0.02 


0.55 


AI 


A2 


24.6 


0.30 


4.2 


0.01 


0.58 


AI 


Bi 


7.1 


0.15 




0.01 


0.58 


AI 


B2 


5.3 


0.12 


2.9 


0.01 


0.30 


AI 


B3 


6J2 


0.82 


3.2 


0.05 


0.25 


AI 


»4 


11.2 


0.90 


2.1 


0.40 


0.12 


AI 



[OH US] The example fi^ was subjected to a differential scanning catorimetry (DSC) to provide a result shown in Fig. 
28. A first endotherrrdc section b-, appearing due to the melting of an eutectic component, i.e., an Al-Si eutectic crystal 
and a second endothermic section c 1 appearing due to the melting of a primary crystal Si exist in a differential calori- 
metric curve a shown in Fig.28. In this case, the first endothermic section fe, forms an angled shape having a peak g 
remarkably spaced apart from a straight line s connecting a melt-start point (a rise-start point) d of the eutectic com- 
ponent and a melt-end point (a drop-end point) h of the high-melting component. On the other hand, the second en- 
dothermic section has a flatness extending along the straight line s. 

[OH 1 1] Rgs.29 to 32 show differential calorimstric curves for the examples B 1 , Bj, B3 and B 4 . Each of the first and 
second endothermic sections and q in the examples B 1 , B2 and B 3 forms an angled shape having a peak g, f, 
respectively. In this case, the eutectic crystal is an Al-Si eutectic crystal, and the high-melting component is t*AI. In 
the example B 4 , only a single endothermic section of an angled shape exists, because the example B 4 is a eutectic alloy. 
[01] 1 2] Then, when the maximum value of the distance between the straight One a and the first endothermic section 
b 1 in the differential calorimstric curve a for each of the examples A 1 , Ag, B v B 2 , B 3 and B 4 is represented by t, and 
the maximum value of the distance between the straight line s and the second endothermic section c 1 Is represented 
by u, the ratio u/t of the maximum value u to the maximum value t is determined. Each of the examples A, and the like 
was subjected to a fluidity test The pressure casting machine 1 shown in Flg.1 and Including the movable die 3 1 was 
used for the fluidity test, as in Example 2 in Embodiment I. 

[01 13] In the fluidity test the example A, having a diameter of 50 mm and a length of 65 mm was first placed Into 
the heating coil in the induction healing device and heated under conditions of a frequency of 1 kHz and 8 maximum 
output power of 30 kW to prepare an example A 1 of a semi-molten aluminum alloy material having solid and liquid 
phases. In this case, the solid phase rate was set at 50%. 

[01114] Then, as shown in Fig.1, the example A, of the semi-molten aluminum alloy material 5 was placed into the 
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chamber 6 and poured through the gate 7 into the cavity 4 while being pressed urxter conditions of a casting temparatu re 
of the example Aj of572°C, a moving speed of the pressing plunger 9 of 0.20 m/sec and a mold temperature of 250 p C r 
so that it was solidified under such a pressure. 

[0H1 5] After opening of the mold, the weight of the solidified portion located in the bent portion 4b of the cavity 4 was 
measured and defined as a flow length of the example A, . 

[®H 1 3] Each of the examples Ag, B 1 , Bg end B 4 was subjected to a similar fluidity test to measure a flow length. 
In the case of the example B 4> ft is difficult for the example B 4 to be brought into a semi-molten state, because it is a 
eutectic alloy. Therefore, the measurement of the flow length of the example B 4 was carried out in a molten state. This 
example B 4 is unsuitable as a thixocasting alloy material. 

[OH 17] Table 1 3 shows the ratio u/t and the flow length ratio for the examples A, and the lite. Each of the flow length 
ratios was determined based on the flow length of the example B 1 defined as °1 .0". 



Table 13 



Example of Al alloy material 


Ratio u/t 


Row length ratio 


*i 


0.05 


1.7 


A2 


0.1 


1.6 


Bi 


0.5 


1.0 




0.8 


0.85 




0.3 


1.2 


B 4 


0 


1.5 



[01118] As apparent from Table 13, rt can be seen that the examples A 1 and Aj having the ratio u/t < 0.1 are good in 
fluidity in their semi-molten states, as compared with the examples B 1 , Bj, B 3 and B 4 having the ratio u/t > 0.1 . From 
this feet, if is preferable that the first endothenrrdc section h, is of an angled shape, while the second endothermic 
section a, has a flatness extending along the straight line s. To provide such a differential calorimetric curve a, it is 
preferable that 13 to 90 % by weight of Si is contained as an alloy element in the aluminum alloy material. If the SI 
content departs from this range, a differential calorimetric curve as described above does not appear. 
[0H18Q Then, using the pressure casting machine 1 shown in Fig. 1 and the examples A 1 and B 1 , the casting operation 
was carried out under the same conditions as in the above-described fluidity test to produce an aluminum alby cast 
product example A, corresponding to the example Aj and an aluminum alloy cast product example B 1 corresponding 
to the example B v 

[OH 2D] Fig.33A is a photomicrograph showing the meteJJcgraphic structure of the aluminum alloy cast product ex- 
ample A, , and Fig.33B is a tracing of an essential portion of Fig.33A. It can be seen from Figs.33A and 33B that the 
aluminum alloy cast product example A 1 has no casting defects produced therein such as a cold shut and Is sound. 
This is attributable to the fact that the fluidity of the example A, in the semi-molten state is good. 
[OH 2D] Fig.34 is a photomicrograph showing the metallographic structure of the aluminum alloy cast product example 
Bj. It can be seen from Fig.34 that cold shuts, shown as a darkened black area, were produced in the matrix and 
between the matrix and the spherical o-AI in the aluminum alloy cast product example B v This is attributable to the 
fact that the fluidity of the example B 1 in the semi-molten state is poor. In this case, the matrix is comprised of an Al- 
Si eutectic crystal (a darfc gray portion) and the orA) (a light gray portion). 



COfiOma 

H. A thixocasting process comprising the steps of: 

(a) subjecting an aluminum alloy material containing Sr added thereto as an agent for enhancing a red-heated 
degree of the aluminum alloy material during heating, to a heating treatment to prepare a semi-molten alumi- 
num alloy material having solid and liquid phases coexisting therein; 

(b) pouring said semi-molten aluminum alloy material into a cavity In a casting mold under pressure; and 

(c) solidifying said semi-molten aluminum alloy material under pressure, 

ctosctortsGd Dm that an amount of Sr added in said aluminum alloy material is set in a range of 0 
ppm<Sr<100 ppm, and a shear rate Rs of said semi-molten aluminum alloy material in the cavity is set in a range 
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ofFte>50S- 1 . 

2. A ihbcocestlng process as claimed in claim 1 wherein said aluminum alloy material has a hypo eufectlc crystal 
composition and is cto^ctoteia Dm M a first angled endothermic section appearing due to the melting of a 
eutectic crystal and a second angled endothermic section appearing due to the melting of a component having a 
melting point higher than a eutectic point coexist in a differential calorimetric curve, and wherein the temperature 
of a rise-start point in said first angled endothermic section is represented by T 1f the temperature of a drop-end 
point in said drat angle endothermic section is represented by T 2 , and a casting temperature of raid semi-molten 
aluminum alloy material is set in a range of T 1 £T£T 2 - 

3. A thbcccasting process as claimed in claim 1 , wherein the rate (S) of the solid phases in raid semi-molten aluminum 
alloy material is in the range S > 10% at said casting temperature. 

4. A thfoocastmg process as claimed in any one of claims 1 to 3, wherein said alloy comprises an E^Si content in 
an amount in the range 2-11% by weight. 

5. A fhKocasting process as claimed in claim 1 , wherein the rate (S) of the solid phases m said semi-molten aluminum 
alloy material is in the range S £ 10% at a casting temperature of said semi-molten aluminum alloy material. 



U. ThixogieS-Verfahren, umfassend die Schrifte: 

(a) Unterziehen eines Aluminlumlegierungsmaterlals t welches Sr enfh&t, daszu dem Aluminiumlegierungs- 
material a Is Agens hinzugefugt wurde, urn den Grad des Rotgluhens des Aluniniumlegierongsmaterials wah- 
rend des Erwarmens zu ertidhen, einer Erwarmungsbehantilung, urn halb-geschmolzenes Aluminiumlegie- 
rungsmaterlal, das koexistierende teste und flflssige Phasen enthfflt, darzustellen; 

(b) GieGen des halb-geschmolzenen Aiuminiumlegierungsmaterials unter Druck in einen Hohlraum in einer 
GieRform; und 

(c) Verfestigen des halb-geschmolzenen Aluminiumlegierur^smaterials unter Druck, 

dadlurcOi ©sl^ireaafefoiriBa, dass eine Menge von Sr t welches dem Aluminiumlegierungsrnaterial hinzugefugt wird, 
in einem Bereich von 0 ppm < Sr < 100 ppm festgelegt wird, und eine Schemata Rs des halb-geschmolzenen 
Aluminiumlegierun^materials in dem Hohlraum in einem Bereich von Rs £ 50 S" 1 eingestellt wird. 

2. ThlxogieB-Verfahren nach Anspruch 1 , wobel das Alumlniumlegierungsmaterial eine untereutektische Krisfalizu- 
sammensetzung aufweist und dSKflureOi gdlssrQrozioOchr^ isd, daco ein erster gewinkeiter endothermer Abschnitt, 
der aufgrund des Schmelzens eines eutektischen Kristells auftritt, und ein zwelter gewinkerter endothermer Ab- 
schnitt, der aufgrund des Schmelzens einer Komponente, die einen hdheren Schmelzpunkt als ein eutekfischer 
Punkt aufweist, auftritt, in el ner difflerentiellen kalorimetrischen Kurve kosxisBeren, und wobel die Temperat ur eines 
Anstiegs-Startpunktes in dem ersten gewinketten endothermen Abschnitt durch T, reprisentiert wird, die Temps- 
ratur eines Ruckgangs-Endpunktes in dem ersten gewinkeiten endothermen Abschnitt durch T 2 reprasentiert wird, 
und eine Gie&tempsratur des halb-geschmolzenen Aluminiumlegienjngsmaterials in einem Bereich von 1^<T<T 2 
eingestellt wird. 

3. ThixogieB-Verfahren nach Anspruch 1, wobei der Anteil (S) der festen Phasen in dem halb-geschmolzenen Alu- 
mlniumlegierungsmaterial bei der Gie&temperatur in dem Bereich S £ 10 % eingestellt wird. 

4. ThixogieB-Verfehren nach einem der ArtsprQche 1-3, wobei die Legierung einen Mg^Si-Anteil in einer Hone im 
Bereich 2-11 Gewichtsprozent umtesst. 

5. ThixogieB-Verfahren nach Anspruch 1, wobei der Anteil (S) der festen Phasen in dem halb-geschmolzenen Alu- 
mlniumlegierungsmaterial bei einer GleStemperatur des halb-geschmolzenen Aiuminiumlegierungsmaterials in 
dem Bereich S i 10 % liegt. 



22 



EP077S302 B1 



Revindications 

1. Precede de thixomoulage comprenant les Stapes consistent a : 

(a) soumettre un material! d'alliage (falurrdrdum contenant du Sr ajoute en tant qu'agent amfeilorant le degre 
de chauffege au rouge du materiau d'alliage d'alumirrium au cours du chauffege, a un traitement de chauffage 
pour preparer un materiau d'alliage d'aiurninium semMondu dans lequel coexistent des phases solid© et 
Oqulde ; 

(b) verser ledlt materiau d'alliage d'aiurninium semi-fondu dans une cavtte dans un moule de coul6e sous 
pression ; et 

(c) solidifier iedit materiau d'alliage d%tuminium semi-fondu sous pression, 

caractert86 en ca que la quantite de Sr ajoutee dans ledlt materiau d'alliage d'aiurninium est fbtee dans une 
plage de 0 ppm<SrS100 ppm, et en ce que le taux de cisafllement Rs dudit materiau d'alliage d'aiurninium semi- 
fondu dans la cavrte est fixe dans une plage Rs>50 S 1 . 

2. Proo6d6 de thixomoulage tel que revendique dans la revendication 1 , dans lequel Iedit materiau d'alliage d'aiurni- 
nium a une composition criataJline hypo-eutectique et est caractsrts* en ce qiTune premiere section endother- 
mique angulaire apparaissant du fait de to fusion c?un cristal eutectique et en ce qu'une seconde section endo- 
thermique angulaire apparaissant du fait de la fusion cfun compose nt ayant un point de fusion superieur a un point 
eutectique coexistent dans une courbe calorimetrique differentielle, et dans lequel la temperature (fun point de 
d£but de montee dans ladite premiere section endoihermique angulaire est representee par T 1p le temperature 
cfun point de fin de chute dans ladite premiere section endoihermique angulaire est representee par T 2 , et une 
temperature de coulee dudit materiau d'alliage d'aiurninium semi-fondu est fixee dans une plage de T^cTj. 

3. Proc&te de thixomoulage selon la revendication 1 p dans lequel le taux (S) des phases soGdes dans Iedit materiau 
d'alliage d'aiurninium semi-fondu est dans la plage S £ 1 0% £ ladite temperature de coulee. 

4. Precede de thixomoulage selon I 'une queiconque des revendications 1 a 3, dans lequel Iedit alliage comprend 
une ten eur en Mg 2 Si en une quantite dans la plage de 2 a 11% en pokte. 

5. Precede de thixomoulage selon la revendication 1 , dans lequel le taux (S) des phases solides dans Iedit materiau 
d'alliage d'aiurninium semi-fondu est dans la plage S > 10% a une temperature de coulee dudit materiau d'alliage 
d'aiurninium semi-fondu. 
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FIG. 2 
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FIG. 3 
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FIG.4A 
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FIG. 5 
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FIG.7A 

Example A 2 
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FIG.7B 




a-Al phase (solid phase) 
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FIG.8 
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FIG.9 
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FIG. 10 
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FIG. 11 
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FIG. 14 
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FIG.15A 
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FIG.16A 



Example F-\ (S = 40 %) 




10pm 



38 



EP 0 773 302 B1 

FIG. 17 

Example F 4 (S = 0 %) 




FIG. 18 



Example C 4 (S = 0 %) 
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FIG. 19 
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FIG. 20 
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FIG. 22 



Example A, 
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FIG. 24 




Shear rate Rsfs' 1 ) 
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FIG. 26 
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FIG. 27 




Shear rate Rs(s" 1 ) 
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FIG. 28 
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FIG. 29 
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FIG. 30 



Example B 2 
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FIG. 31 
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FIG.32 
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FIG.33A 




FIG.33B 
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FIG. 34 

Example Bi 
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